Experiments
CNWs were fabricated using ICP-CVD employing Ar/CH 4 mixture [2] . Figure 1 shows a schematic of ICP reactor used for the growth of CNWs. The ICP chamber was 16 cm in diameter and 30 cm in height. A one-turn coil antenna with a diameter of 10 cm was set on a quartz window at the top of chamber. RF (13.56 MHz) power was applied to the coil antenna and plasma was generated in the chamber. The growth experiment was conducted at RF power of 500 W, total pressure of 20 mTorr, temperature of 720 °C, and Ar/CH 4 flow rates of 100/50 sccm. Figure 2 shows the SCF-MOCFD system employing sc-CO 2 used for the deposition of Pt nanoparticles on the surface of CNW [3] . The MOCFD process was conducted in two high-pressure stainless steel vessels equipped with a compressor, heating units, and a reservoir for the metalorganic compound. As the platinum precursor, we used (CH 3 C 5 H 4 )Pt(CH 3 ) 3 :MeCpPtMe 3 dissolved in hexane. The concentration of MeCpPtMe 3 was 1 wt %, and the quantity of the solution used was 5 mL. In the lower reactor, the pressure and temperature of sc-CO 2 were maintained at 9 MPa and 130 °C, respectively, and the temperature of CNWs was maintained at 180 °C. Pt nanoparticle formation was carried out for 30 min; the vessel was then depressurized slowly in 5 min to atmospheric conditions.
Results and discussion
Figure 3(a) shows typical SEM image of carbon fiber used in this study. Figures 3(b) 3(d) show SEM images of CNWs grown on carbon fiber by ICP-CVD for 30 min, indicating that CNWs were successfully grown on the carbon fiber paper using ICP-CVD. As shown in Fig. 3(d) , CNWs were grown almost vertically on the surface of carbon fibers forming paper structure. The height of CNWs grown on the carbon fiber paper was about 1.5 m. Raman spectrum of CNWs grown on carbon fiber paper is shown in Fig. 4 . The strong and sharp D band peak and D band peak suggest a more nanocrystalline structure and the presence of graphene edges and defects, which are prevalent features of CNWs. Figure 5 shows SEM image of the surface of the CNW supporting Pt nanoparticles after the SCF-CVD. It was found that dispersed Pt nanoparticles of approximately 2 nm in diameter were supported on the surfaces of CNWs grown on carbon fiber paper. The density of Pt nanoparticles on CNW surface was approximately 3×10 12 cm -2 . Figure 6 shows XPS spectrum of the Pt (4f) region of -1 2 5 2 -
the Pt-supported CNW after the SCF-MOCFD. The presence of two prominent sets of Pt (4f) peaks is further confirmation of Pt being present on the CNW surface. The peak regions in Fig. 6 can be fitted with two sets of peaks at 71.4 eV (4f7/2) and 74.6 eV (4f5/2). These correspond to Pt in the metallic state, indicating that only pure Pt exists without being oxidized on the surface of the CNWs after the SCF-MOCFD. Pt-supported CNWs grown on the carbon fiber paper will be well suited to the application for the electrodes of fuel cells. The electrocatalytic activity will be investigated. 
